Objective: To provide novel insights into the clinical treatment of adenomyosis. Methods: Two hundred patients with adenomyosis were enrolled in this prospective, nonrandomized, parallel-controlled study with a 1-year follow-up in our hospital. Group 1 was treated with 3.75 mg leuprorelin acetate (LA) (n ¼ 40), Group 2 was treated with 1.88 mg LA (n ¼ 40), Group 3 underwent Mirena implantation (n ¼ 40), Group 4 underwent Mirena implantation after treatment with 3.75 mg LA (n ¼ 40), Group 5 underwent Mirena implantation after treatment with 1.88 mg LA (n ¼ 20), and Group 6 received San-Jie-Zhen-Tong capsules alone (n ¼ 20). Uterine volume, pain, cancer antigen 125 level, ovary function, adverse effects, and Mirena expulsion were evaluated. Results: The uterine volume and pain scores were lower in the groups treated with 1.88 than 3.75 mg LA, but the lower dose was associated with significantly fewer hot flashes and sweating. The 1-year Mirena expulsion rate was higher in Group 3 than in Groups 4 and 5 (10.00% vs. 3.33%, respectively). Costs were significantly higher in Groups 1 and 4 than in Groups 2 and 5. Conclusion: Administration of 1.88 mg LA may be an alternative therapy for Asian patients with adenomyosis. The combination of LA and Mirena could enhance the therapeutic effect. Registration number: ChiCTR-IPR-15005971
Introduction
Adenomyosis is a common benign gynecological disease characterized by the presence of ectopic glandular and stromal tissues in the myometrium. The pathogenesis of adenomyosis remains unclear. Two possible mechanisms of adenomyosis are invagination of the endometrium into the myometrium and development from embryologically misplaced pluripotent Mu¨llerian remnants. 1 The rate of histologically confirmed adenomyosis in previously reported surgical series ranges from 5% to 70%. 2 Menorrhagia, dysmenorrhea, an enlarged uterine volume, and infertility are major clinical manifestations of adenomyosis. Dysmenorrhea is found in approximately 30.0% to 77.8% of patients with adenomyosis. 1, 3 It is the second most prevalent symptom after menorrhagia and the most debilitating symptom. 4 Hysterectomy is the only radical treatment method currently available and is contraindicated for patients with a desire to keep their uterus. Conservative treatment involves the administration of drugs, including gonadotropin-releasing hormone analogue (GnRH-a), a levonorgestrel-releasing intrauterine system (LNG-IUS) (Mirena; Bayer Pharmaceuticals, Leverkusen, Germany), androgen derivatives, and progesterone. GnRH-a is widely used in clinical practice, 5 but it is expensive and associated with adverse effects. Decreasing the adverse effects of this medication and reducing the economic burden on patients while ensuring treatment efficacy are problems requiring urgent resolution. San-Jie-ZhenTong (SJZT) capsule is a Chinese patent medicine that consists of Resina Draconis, pseudoginseng, Fritillaria thunbergii Miq, and coix seed. It has been widely used in China for the treatment of adenomyosis and endometriosis because its Chinese herbal ingredients can ameliorate patients' pain. We analyzed the efficacy and adverse effects of different doses of leuprorelin acetate (Enantone; Takeda Pharmaceutical Company Limited, Osaka, Japan), Mirena, and SJZT capsules in this prospective, nonrandomized, parallel-controlled study with the aim of providing new ideas for the clinical treatment of adenomyosis.
Materials and methods

Patients
After obtaining approval from the in-hospital ethics committee (Ethics Committee of Obstetrics and Gynecology Hospital of Fudan University, 2013-42), patients diagnosed with adenomyosis were enrolled from the outpatient department of the Obstetrics and Gynecology Hospital of Fudan University from February 2015 to February 2016. All patients had dysmenorrhea, had no fertility requirements, were premenopausal, and were not pregnant. Their diagnosis was confirmed by transvaginal ultrasound, 6 and they had no significant liver or kidney dysfunction or malignant tumors. The length of the uterus was <8.5 cm, and the cancer antigen 125 (CA-125) level was <200 U/mL. Patients who had received progesterone therapy in past 1 month, used GnRH-a, had undergone Mirena implantation in the past 3 months, or had undergone uterine surgery in the past 6 months were excluded from this study.
Patients who received an injection of a half-dose of leuprorelin acetate (1.88 mg) provided written informed consent for inclusion in the study. If the patient was willing and the medical experts approved, the patient also underwent Mirena implantation. Informed consent was not needed for the control group, which comprised patients undergoing conventional clinical therapies during the study period (injection of 3.75 mg of leuprorelin acetate, Mirena implantation, both injection of 3.75 mg of leuprorelin acetate and Mirena implantation, or administration of SJZT capsules). 
Clinical follow-up
Before the initial treatment, the patients' age, height, and weight were recorded. Before treatment and at 3, 6, and 12 months after the initial treatment, the menstrual cycle, menstrual volume, degree of dysmenorrhea (10-point visual analogue scale (VAS) 7 ), size of the uterus, CA-125 level, hemoglobin level, and platelet count were recorded. Additionally, the serum levels of follicle-stimulating hormone, luteinizing hormone, and estradiol were measured during days 3 to 5 of the menstrual cycle before and after 3 months of treatment. The adverse effects of the drugs were assessed 12 months after the initial treatment using the domestically improved Kupperman Index (KI) score, which is used to identify menopausal symptoms and has been modified for use in Chinese women. 8 We calculated the body mass index (BMI) in kg/m 2 (i.e., weight/height 2 ) and the uterine volume in cm 3 (i.e., 4/3 Â p Â r 3 , where r ¼ (length þ width þ height)/6). The fees for drugs and tests were also recorded.
Statistical analysis
All data were statistically analyzed using chi-square tests (categorical variables) or one-way analysis of variance (continuous variables) using SPSS 20.0 (IBM Corp., Armonk, NY, USA). Differences were considered significant at a P-value of <0.05.
Results
Patient characteristics
In total, 200 patients were enrolled in this study. The general characteristics of the patients in the six groups are shown in Table 1 . The patients ranged in age from 25 to 50 years with a mean age ranging from 36.28 to 40.45 years among the six groups. The mean weight and BMI among the six groups were 53.50 to 60.93 kg and 21.88 to 23.56 kg/m 2 , respectively. No statistically significant differences in age, weight, or BMI were found among the six groups.
The changes in the uterine volume in the six groups are shown in Figure 1 . As shown in the line graph, no significant differences in the uterine volume were found between the pretreatment period and the 6-or 12-month post-treatment period among the six groups. However, 3 months after the initial treatment, the uterine volumes in Group 1 (LA3.75), Group 3 (M), Group 4 (M þ LA3.75), and Group 5 (M þ LA1.88) were significantly lower than those in Group 6 (SJZT) (all P < 0.05). The uterine volume of patients in Group 1 (LA3.75) was significantly lower after 3 months of follow-up than at the initial treatment (P < 0.05). At the 3-month follow-up, the uterine volume was larger in Group 3 (M) and Group 6 (SJZT), but in the other groups, the volume was generally lower and stabilized across time. After 12 months of follow-up, the volume fluctuated near 100 cm 3 . The uterine volume was lower in Group 2 (LA1.88), while no significant differences were found among the groups that received a half-dose versus regular dose of leuprorelin acetate. The changes in the VAS scores in the six groups are shown in Figure 2 . The VAS scores were significantly lower after treatment in all groups except Group 6 (SJZT) (all P < 0.01). Patients in Group 2 (LA1.88) had significantly lower pain scores at 3 months (P < 0.1), 6 months (P < 0.01), and 12 months (P < 0.01) after treatment. No significant differences in VAS scores were found among the groups using 1.88 versus 3.75 mg of leuprorelin acetate. At the 3-month follow-up, the VAS scores in Group 1 (LA3.75) and Group 5 (M þ LA1.88) were significantly lower than those in Group 6 (SJZT) (P < 0.05 and P < 0.01, respectively), and the VAS scores in Group 5 (M þ LA1.88) were significantly lower than those in Group 3 (M) (P < 0.001). At the 6-month follow-up, the VAS scores in Group 5 (M þ LA1.88) were significantly lower than those in Group 6 (SJZT) (P < 0.05). At the 12-month follow-up, the VAS scores in Group 2 (LA1.88) were significantly lower than those in Group 3 (M) (P < 0.05).
As shown in Table 2 , laboratory examinations were conducted before treatment and at the 3-month follow-up. The serum levels of CA-125 and estradiol were decreased after all treatments. The levels of follicle-stimulating hormone and luteinizing hormone were differently altered within the groups. Statistical analysis revealed no significant differences in any indexes among the groups. No significant changes in laboratory results were observed in any group before and after treatment.
Adverse effects
The KI scores in the six groups of patients are shown in Table 3 . No significant differences were found among the groups. We compared different items from the KI scale, and the results are shown in Table 4 . The incidence of sweating significantly differed among the groups (P ¼ 0.023). .67%, and 3.34%, respectively). Table 6 shows the rate of Mirena expulsion after implantation. The expulsion rate in patients treated with Mirena implantation alone was 10.00%, whereas the rate in patients who underwent Mirena implantation after leuprorelin acetate injection was 3.33%. However, Fisher's exact test revealed no statistically significant difference between the two groups.
Cost
As shown in Table 7 
Discussion
GnRH-a, which is regulated by the hypothalamic-pituitary-gonadal axis, can effectively alleviate the chronic pelvic pain caused by adenomyosis, reduce menstrual capacity, and increase the probability of pregnancy. However, long-term application of GnRH-a predisposes women to symptoms of low estrogen, menopausal symptoms (such as hot flashes, sweating, vaginal dryness, and decreased sexual desire), decreased bone density, bone loss, and other adverse effects. Therefore, the estrogen level should be monitored during the course of treatment, and application of additional treatments should be conducted when necessary.
Types of GnRH-a that are commonly used include leuprorelin acetate, goserelin acetate, and triptorelin. The typical dosage of leuprorelin acetate is 3.75 mg at 4-week intervals for a total of four to six cycles. Kang et al. 9 analyzed 70 patients with either endometriosis or adenomyosis and found no significant differences in uterine volume or hormone levels between patients treated with GnRH-a at the normal interval (4 weeks) and those treated at a longer interval (6 weeks). The authors found that extending the interval of GnRH-a treatment did not affect its efficacy but reduced medical expenses by at least 33%. 9 Because GnRH receptors are present in both the eutopic and ectopic endometrium, it is possible that a low dose of GnRH-a can be effective. In a patient with adenomyosis combined with deep vein thrombosis, Akira et al. 10 found that a low dose of GnRH-a (450 mg/day buserelin acetate, nasally) was beneficial and had minor adverse effects, including a low estrogen level. In another study, Akira et al. 11 compared the efficacy of a low dosage of GnRHa (150-750 mg/day of buserelin acetate, nasally) in 12 patients with adenomyosis after using the regular dosage (900 mg/day of buserelin acetate, nasally). The authors found that a low dosage of GnRH-a can maintain plasma estradiol levels within the therapeutic window and suppress adverse events.
11
We analyzed the clinical effects of and adverse reactions to different doses of leuprorelin acetate and found that both groups using the regular dose (Groups 1 and 4) and both groups using the half-dose (Groups 2 and 5) had a reduced uterine size and decreased VAS scores. However, the groups using the regular dose exhibited more adverse effects, such as hot flashes (P ¼ 0.029) and sweating (P ¼ 0.004). These groups also had higher costs than those using the half-dose. Patients in Group 1 spent an extra $357.56 USD compared with those in Group 2 (P < 0.01), and patients in Group 4 spent an extra $306.09 USD compared with those in Group 5 (P < 0.05). These results indicate that treatment with 1.88 mg of leuprorelin acetate has a similar efficacy, lower incidence of adverse effects, and lower cost than treatment with 3.75 mg of leuprorelin acetate. The instructions for leuprorelin acetate (Enantone) indicate that a half-dose can be used for patients weighing <50 kg. In the present study, no significant differences in weight or BMI were found among the six groups. We propose that weight should not limit the widespread use of a low dose of Enantone in patients with adenomyosis.
LNG-IUS (Mirena), a "T" type of IUD, contains a total of 52 mg of levonorgestrel and can release 20 g of levonorgestrel per day for 5 years. 12, 13 Mirena can induce endometrial glandular atrophy and regulate and control factors related to adenomyosis through its "progesterone effect" on the ectopic endometrium. 13 Mirena implantation reportedly down-regulates the expression of nerve growth factor and nerve growth factor receptor (p75 and TrkA receptors) in the endometrium and myometrium, thus reducing pain. 14 We found that implantation of Mirena significantly reduced the degree of dysmenorrhea. Youm et al. 15 found that the 3-year expulsion rate of Mirena was 11.1% for patients with a large uterus and that it increased menstruation. Zhang et al. 16 noted that for patients with adenomyosis with a large uterus (larger than that at 3 months of pregnancy), the combination of GnRH-a and LNG-IUS could significantly reduce the b P < 0.001 when compared with Groups 1 to 5; *P < 0.05; **P < 0.01; ***P < 0.001 uterine volume, decrease the degree of pain, and reduce the rate of expulsion. We found that the 1-year expulsion rate of Mirena in Group 3 (M) was higher than that in Group 4 (M þ LA3.75) and Group 5 (M þ LA1.88) (10.00% vs. 3.33%, respectively). The combination of GnRH-a and Mirena could reduce missed doses and enhance the treatment effect.
CA-125 is a monoclonal antibody first described by Kabawat et al. 17 in 1983. It is widely used as a tumor marker in the field of gynecologic oncology. Kil et al. 18 found that the CA-125 level was significantly higher in patients with adenomyosis than in those with myoma. The authors used 19 U/mL as the cut-off value for diagnosis of the two diseases. Huang et al. 19 found that patient pain was positively associated with the CA-125 level and reported that a CA-125 level of <10 U/mL may predict better pregnancy outcomes for patients with adenomyosis. Sheth and Ray 20 found that the CA-125 level increased with uterine size. Consistent with the literature, we found that after 3 months of treatment, both the CA-125 level and severity of pain had decreased. However, no significant difference was observed among the six groups, probably because of the small sample size. Additionally, this study involved an Asian population of women with a lower BMI than that of women in Europe and America. Trials with larger and more diverse populations are needed to elucidate the full effects of these treatments and their mechanisms.
Conclusions
The efficacy of a low dose (1.88 mg) of GnRH-a in patients with adenomyosis was similar to that of a regular dose (3.75 mg) but was associated with significantly fewer adverse effects. A half-dose (1.88 mg) of leuprorelin acetate may be a promising alternative therapy for Asian patients with adenomyosis. Additionally, the combination of GnRH-a and Mirena could reduce missed doses and enhance the curative effect.
